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COMMENTS

ADC Telecommunications Inc. (“ADC”) hereby submits these comments in the above-
referenced proceeding.  As described in greater detail below, the comments address the issue of
the current 8VSB standard as requested in section 12 of the Notice of Proposed Rule Making
adopted March 6, 2000 and referenced above.  The comments generally request the Commission
to consider clarifying the rules on Digital Television (DTV) broadcasting.  The clarification
would remove any ambiguity about the types of emissions that stations might choose to employ
thus permitting several stations to operate on their allotted DTV channel when they might not be
able to without such clarification.

Details

1. The Commission adopted a DTV Table of Allotments1 (“Table”) that includes channel
assignments that are particularly difficult for certain DTV stations to accommodate.  For
example, stations that have a DTV allotted channel adjacent to authorized users in the land
mobile service must take additional measures to avoid interference to these existing services.
While the Commission could not reasonably be expected to take these additional services into
consideration during the creation of the Table it is a requirement that affected stations take
whatever actions are necessary to avoid interference with the existing, authorized services.
Even in the case of NTSC operation, stations operating on certain channels (e.g. 2, 4, 5, 6, 7,
13, 14, 36, 38 and others) must account for non-television services that may be operating
adjacent to their assigned frequency.  Thus the issue is well known in the industry and not
new to DTV.

2. The types of interference caused to non-TV services such as land mobile can be grouped into
two categories.  The first type is sometimes called blanketing interference or receiver
overload.  The second type is caused by out of band emissions from the DTV transmitter that

                                                       
1 Sixth Report and Order in MM Docket No. 87-268, 12 FCC Rcd 14588 (1997) ("Sixth Report and
Order"), on recon., Memorandum Opinion and Order on Reconsideration of the Sixth Report and Order, 13
FCC Rcd 7418 (1998) (“Sixth MO&O”), on further recon., Second MO&O, FCC 98-315, 14 FCC Rcd
1348 (1998).



are sufficiently large so as to obscure the desired signal.  Since DTV is a “noise like” signal it
will be observed by the receiver as increased noise in the channel.

3. Blanketing interference occurs because practical receivers do not have infinite dynamic
range.  If the DTV signal is larger than the desired signal by a ratio greater than the dynamic
range of the receiver then the desired signal cannot be received.  Receivers vary in dynamic
range performance but nearly all cases of this type of interference can be rectified at the
receive site by filtering out the undesired DTV signal.

4. The second type of interference due to out of band emissions from the DTV transmitter exists
even where a DTV transmission system meets all of the requirements of the existing out of
band emissions mask adopted in the Memorandum Opinion And Order On Reconsideration
Of The Sixth Report And Order MM Docket No. 87-2682.  It is especially difficult for the
spectrum user that is receiving unwanted interference because there is nothing that the user
can do to eliminate the interference.  It must be eliminated at the transmitter site.  In NTSC
systems the problem is well known and special filtering systems have been deployed to
address the problem on those channels adjacent to existing non-TV services.  Similar filtering
systems are largely ineffective for DTV transmitters.  This is because, unlike the NTSC TV
signal, a DTV signal occupies 100% of the assigned 6MHz spectrum.  There is no guard band
between channels in DTV.

5. A technology has been developed that can create a guard band between DTV channels
without changing the digital information as interpreted by the receiver.  The technique is
more completely described in Appendix A below.  By using this technique it is possible to
create filters capable of attenuating out of band emissions adjacent to the DTV channel by
several orders of magnitude more than the current emissions mask requires.  All known
receiver technologies currently available are compatible with this technique.  Indeed it is
difficult to imagine a receiver that would not be compatible because the digital information
contained in the I channel is not changed by this technique.

6. There are a number of stations that could benefit greatly from this technique.  Those stations
that find their allotted frequency adjacent to existing non-TV services would be able to put a
DTV signal on the air without causing objectionable interference to adjacent services.  A
significant amount of laboratory testing has been done to verify that this is true.  However
each station at risk of causing interference would still be required by its construction permit
to prove that there will be no objectionable interference caused by the DTV signal.

7. Stations having either so called N+1 or N-1 allocations with their NTSC channel could more
easily combine the two transmitters into a single antenna thus eliminating a potential cause of
delay in fielding a DTV transmitter.

8. The Commission should permit operation of DTV stations with a digital signal compatible
with existing 8VSB receivers that has a small guard band on one or both sides of the channel
edge.  The amount of guard band can vary from zero (current 8VSB standard) to an absolute
theoretical limit of 309 kHz (pilot frequency). A practical limit would be about 200 kHz per
band edge. We recommend that the guard band be established at 150 kHz from either or both
channel edges for those stations that seek to provide greater protection from out of band
interference than the current emissions mask requires. A 150 kHz guard band will allow
practical channel filters to be built which can produce high attenuation values at the channel
edge without significantly affecting the amplitude of signal components 150 kHz inside the
channel edge.

                                                       
2 Sixth MO&O, at ¶ 92.



9. As a hedge against future developments in receiver technology the Commission should also
permit the use of the presently reserved VSB mode bits to indicate that a compatible 8VSB
signal using a guard band is being transmitted.  There are presently 24 reserved bits in the
VSB Mode sequence of the VSB data field sync as shown in Figure 1.  The present ATSC
recommendation for handling these bits is as follows:

These 24 bits determine the VSB mode for the data in the frame. The first two bytes are reserved. The
suggested fill pattern is 0000 1111 0000 1111. The next byte is defined as:

P A B C P A B C
where P is the even parity bit, the MSB of the byte, and A,B, C are the actual mode bits.

P A B C
0 0 0 0 Reserved
1 0 0 1 Reserved
1 0 1 0 Reserved
0 0 1 1 Reserved
1 1 0 0 16 VSB
0 1 0 1 8 VSB*
0 1 1 0 Reserved
1 1 1 1 Reserved

* In the 8 VSB mode, the preceding bits are defined as :
0 0 0 0 P A B C P A B C1 1 1 1
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are duplicated in the last 12 reserved symbols of the field sync.
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Figure 1. VSB data field sync.



VSB transmitters using the compatible system with a guard band should transmit these
previously reserved 24 bits according to the following table:

VSB Mode Reserved bit pattern Comment

100% spectrum usage 0000 1010 0101 1111 Existing ATSC suggested
pattern

Lower sideband 150kHz
guardband

1001 1010 0101 1110 Protects lower adjacent
channel

Upper sideband 150kHz
guardband

1010 1010 0101 0101 Protects upper adjacent
channel

Upper and lower sideband
150kHz guardband

0011 1010 0101 1100 Protects both upper and lower
adjacent channels

The sequence preserves the sense of the parity bit in the MSB of each nibble as it is in the VSB
mode now. (Note that in the 8VSB mode, the two middle nibbles are ~P~A~B~C PABC or 1010
0101.)  Since these bits were previously reserved there is no issue of compatibility with existing
receivers thus maintaining the philosophy of the technique that it be completely benign to
existing DTV consumers.

10. The technique described here represents just one of many possible methods of extending and
improving VSB as a means of digital transmission.  As more research is done it is likely that
further compatible improvements will be developed.  The demonstrated flexibility of VSB is one
of the clear benefits of the existing standard.
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A Compatible Narrowband 8VSB Transmission System
David L. Hershberger

ADC Broadcast Systems Division
McMurray, Pennsylvania

Abstract

This paper describes a method of compatibly reducing the bandwidth of an 8VSB signal.
By careful choice of filter shapes, the bandwidth reduction can be made compatible with
receivers, such that the demodulated I channel signal is identical to what would be
produced by a standard 8VSB signal. A slight bandwidth reduction of only 100 to 200
kHz per band edge allows much more aggressive channel filters to be used. Sharper
channel filters can greatly reduce or eliminate interference problems to adjacent services,
such as two way radio users just below UHF channel 14.

Introduction

The Federal Communications Commission has established a table of channel allocations
for 8VSB digital television (DTV) stations. Some of these allocations create severe
technical problems. For example, in some communities where a DTV allocation has been
created for channel 14 (470-476 MHz), there are land mobile radio licenses very close to
the lower edge of channel 14 – some as high as 469.975 MHz. It is extremely difficult to
protect 469.975 MHz when the DTV signal has energy down to 470 MHz – just 0.025
MHz away. Power amplifier nonlinearities create a certain amount of out of band energy.
Even though this out of band energy may be in compliance with FCC rules, it may still
create problems to users of adjacent frequencies, who “were there first.”

Similar problems may exist where two way radio users are sharing spectrum in the UHF
television band.

Another situation that is problematic is the “N+1” allocation. Here, a NTSC licensee is
assigned a DTV channel that is on the next channel up from his NTSC signal. In this
situation the aural carrier has significant sidebands that extend to within about 75 kHz of
the channel edge, and therefore to within about 75 kHz of the DTV signal. This creates
problems for stations that wish to use frequency selective combiners with separate NTSC
and DTV transmitters.

Yet another problem exists in areas where radio telescopes are using channel 37 (608-614
MHz). Nearby broadcasters on channels 36 and 38 may adversely affect telescope
operation with out of band emissions on channel 37.

Similarly, problems could exist with VHF channel 6 interference to noncommercial FM
just above 88 MHz, and channels 4 and 5 could interfere with users of the 72-76 MHz
spectrum.
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These problems could be mitigated if the ATSC spectrum, which is rather “aggressive”
when it comes to occupying a 6 MHz channel, could be just slightly reduced in
bandwidth.

The ATSC 8VSB System

The ATSC standard 8VSB transmission system, like many other digital transmission
systems, includes a certain amount of “excess bandwidth.” The 8VSB system transmits
symbols at a rate of 10.76223776… million per second, which requires a minimum
theoretical bandwidth of 5.381118881… MHz (half of the symbol rate). Although this is
a theoretical minimum, it is physically impossible to build a system that only uses the
minimum bandwidth. As a practical matter, it is necessary to allow a certain amount of
additional (“excess”) bandwidth for filter transition bands.

The 8VSB system has about 11.5% excess bandwidth. In other words, the 6 MHz channel
width divided by 5.381118881… MHz is approximately 11.5% greater than unity.

To achieve an overall flat amplitude response between the transmitter and the receiver,
the shape of the filtering in the transition bands has been specified to be the square root of
a root raised cosine response, for both the transmitter and the receiver. When the filter
response is applied twice, its magnitude response is squared, providing an overall raised
cosine shape. When the I channel of the 8VSB signal is demodulated, it then has a flat
amplitude response.

Channel Filters

Modern channel filters developed for DTV applications have narrow transition
bandwidths. The transition bandwidth is the frequency range over which the attenuation
changes from near zero, close to the channel edge, to the out of band attenuation value a
little bit farther from the band edge. In a sophisticated channel filter, the transition band
can be as small as 150 kHz. Conventionally, these channel filters have very little
attenuation at the channel edges, and reach a high attenuation value several hundred kHz
outside the channel.

What this implies is that if just 150 kHz could be shaved off of the offending side of the
spectrum (or from both sides of the spectrum), then the channel filter could be made
slightly narrower, having a high amount of attenuation right at the channel edges.
Services just outside the channel edges could have 30-60 dB of additional protection if
the DTV signal’s bandwidth could be just slightly reduced.

It is possible to make the 8VSB signal narrower than 6 MHz, simply by reducing the
11.5% excess bandwidth to a lower value. But, this creates a problem with receivers. For
example, if the transmitter is producing a 7% excess bandwidth signal with a root raised
cosine response, and the receiver is filtering the signal with a root raised cosine 11.5%
excess bandwidth filter, the overall response will not be flat. There will be frequency
response bumps at low and high frequencies. Although a receiver’s adaptive equalizer
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could flatten out the response, it would do so at the expense of signal to noise
performance. The problem with such a unilateral approach at the transmitter is
incompatibility with receivers.

A Solution

Fortunately, there is a way to compatibly reduce the bandwidth of a DTV signal by
several hundred kHz, which is enough to permit the use of passive channel filters and
combiners that have significant attenuation at the channel edge. This method makes a
bandwidth reduction, but without affecting receivers that are designed to receive a signal
with the standard 11.5% excess bandwidth.

The bandwidth reduction method relies on two characteristics of the 8VSB signal. First,
the transmitted information is contained entirely within the I channel. The only purpose
of the Q channel is to make most of one sideband disappear. This characteristic can be
exploited by reducing the bandwidth of the signal in such a way that only the Q channel
is affected, and the I channel is unchanged. In the frequency domain, this means
removing energy from the lower sideband, and replacing it with energy in the upper
sideband.

Second, there is a small amount of inverted replicated spectrum just above the Nyquist
rate in the transmitted I channel. When the symbols are extracted, which reduces the
sampling rate to the symbol rate, energy above the Nyquist rate aliases to frequencies
below the Nyquist rate. This characteristic can also be exploited to reduce the bandwidth.
The I channel bandwidth can be reduced in the spectral tail above the Nyquist rate, by
replacing energy removed with equivalent energy below the Nyquist rate.

Details

The amplitude response in the transition band is given by:

Rrc(f)=sqrt(0.5+0.5*cos[pi*(f-ft)/2ft])
Where:

ft = half of transition band = pilot frequency = 309.4405594… kHz

f = the frequency difference from the pilot (positive or negative)

Let:

G(-f) = the frequency response being applied to the lower sideband, below the pilot.

The frequency response of the lower sideband becomes:

Rrc(-f)*G(-f)
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The attenuation provided by the function G(-f) has the effect of removing energy from
the lower sideband. To keep the I channel the same, that energy may be added back in to
the upper sideband.

To determine exactly how much energy to add back in to the upper sideband, use the
following steps for every frequency in the LSB:

1. Determine the amount of LSB voltage lost.
2. Multiply this voltage by the amplitude response of the RRC filter in the receiver at

the LSB frequency of interest.
3. Divide this result by the amplitude response of the RRC receiver filter at the

equivalent USB frequency.
4. Add the resulting voltage to the upper sideband.

The normal response of the lower sideband is:

Rrc(-f)

The reduced bandwidth amplitude of the lower sideband is:

Rrc(-f)*G(-f)

So, the amount of “lost voltage” in the LSB is the difference between the two previous
expressions, or:

Rrc(-f)-Rrc(-f)*G(-f)=rrc(-f)*[1-G(-f)]

Weighting this by the LSB RRC response of the receiver gives:

Rrc2(-f)-Rrc2(-f)*G(-f)=rrc 2(-f)*[1-G(-f)]

Dividing this by the RRC USB response of the receiver’s filter gives:

[Rrc2(-f)-Rrc2(-f)*G(-f)]/rrc(f)=rrc 2(-f)*[1-G(-f)]/rrc(f)

The frequency response of the upper sideband becomes:

Rrc(f)+ rrc 2(-f)*[1-G(-f)]/rrc(f)

For example, consider the case where G(-f) is given by the following:
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For f>= 125 kHz, G(-f) = 0

For f>=0 and f<125 kHz, G(-f)=1-f/125 kHz

This will introduce a linear rolloff from the pilot frequency to 125 kHz below the pilot,
and zero response beyond 125 kHz below the pilot. Some amplitude values are given in
the following table:

F LSB (RRC) LSB (narrowband) USB (RRC) USB (narrowband)
300 kHz 0.023959 0 .9997129 1.0002871
200 kHz 0.2742153 0 .9616683 1.0398595
100 kHz 0.5069010 .1013802 .8620043 1.1004705
50 kHz 0.6119249 .3671549 .7909159 .9802923
25 kHz .6608458 .5286766 .7505217 .8668987

Of course, other functions may be substituted for this particular G(f) to provide other
shapes for the narrower bandwidth.

As long as any voltage removed from the lower sideband is replaced at the upper
sideband at the same amplitude as seen by the receiver’s I channel demodulator, the I
channel demodulated signal will not be changed. Yet, the bandwidth of the signal is
narrower.

F o rm in g  th e  N a rro w b a n d  S p e c tru m  a t  th e  L o w e r  
C h a n n e l E d g e

0

0 .2

0 .4

0 .6

0 .8

1

1 .2

0

10
00

00

20
00

00

30
00

00

40
00

00

50
00

00

60
00

00

F re q u e n c y  fro m  C h a n n e l E d g e  (H z )

A
m

pl
itu

de
 R

es
po

ns
e

S ta n d a rd  R R C N a r ro w b a n d  W e ig h tin g  F u n c tio n N a r ro w b a n d  R e s p o n s e



Appendix A

This figure shows the detail of how the narrowband 8VSB spectrum is formed in the
vicinity of the pilot (approximately 309 kHz above the channel edge). The narrowband
weighting function has a value of unity above the pilot frequency. Below the pilot, over a
frequency of 125 kHz, the weighting function drops to zero. In the remaining range just
above the lower channel edge (pilot minus 125 kHz or approximately 184 kHz), the
weighting function has a value of zero. The removed lower sideband energy is multiplied
by the expected RRC shape of the receiver. Then it is frequency inverted above the pilot,
and divided by the receiver’s RRC shape, and finally added to the response of the
standard RRC shape. The result is the narrowband response shape shown in the figure.
Importantly, the demodulated I channel of this signal is identical to that of a standard
RRC 8VSB signal. This particular choice of shaping results in 184 kHz being removed
from the vestigial lower sideband.

Extending the Concept to the Upper Band Edge

The 8VSB system includes essential signal components in the baseband modulating
signal that go all the way to the Nyquist rate (when sampled at the symbol rate). When
the 8VSB signal is formed, the spectrum is flat to 5.071678332… MHz above the pilot.
At that point the root raised cosine shape begins to roll off the spectrum. At half the
symbol rate above pilot (5.381118881… MHz) the response is down 3 dB. Between this
frequency and the channel edge (5.690559441… MHz above pilot) the ideal response
transitions from –3 dB to zero amplitude.

Because baseband energy goes all the way to the Nyquist rate in 8VSB, the frequency
components in the RRC transition range just below the Nyquist rate in the 8VSB signal
(half the symbol rate or 5.381118881… MHz above pilot) are mirror images of the
spectrum just above the Nyquist rate. The amplitudes of the mirrored spectra are not the
same, but the frequencies are mirrored.

When the 8VSB signal is demodulated to symbols sampled at the symbol rate, frequency
components within this transition region just above the Nyquist frequency, will alias to
frequencies just below the Nyquist frequency. This aliasing at the demodulation end is
intentional and necessary for the system to work properly.

As was the case in the transition region around the pilot, the spectral shape in the
transition range at the upper channel edge can be modified without affecting the
demodulated symbols. If energy is removed from the spectrum above the Nyquist rate,
then it must be replaced at the equivalent frequency below the Nyquist rate. This spectral
modification must consider the shape of the receiver’s RRC filter.

To make the spectral modification to the upper band edge, substitute the 8VSB Nyquist
rate (half the symbol rate plus the pilot frequency) for the pilot frequency, and
interchange references to the upper and lower sidebands. In other words, remove energy
from the frequency range between the Nyquist rate (5.381118881… MHz plus pilot or
5.690559441 MHz) and the upper channel edge, and compensate for the loss of energy by
increasing the signal amplitude between pilot plus 5.071678322… MHz and pilot plus
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5.381118881… MHz.

So, removing voltage from any frequency above the Nyquist rate, and replacing it at the
same frequency below the Nyquist rate such that the frequency-transposed energy is the
same at the receiver’s demodulator after its RRC filtering, will not change the
demodulated I channel signal after it is sampled. This is because the signal components
above and below the Nyquist rate are mirror images of each other, and sampling a
frequency component above the Nyquist rate by a frequency f will produce the same
result as sampling a frequency component below the Nyquist rate by frequency f.

Forming the Narrowband Signal at the Upper Channel 
Edge
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This figure, which is essentially a mirror image of the lower sideband figure above,
shows the detail of how the narrowband 8VSB spectrum is formed at the upper channel
edge. The narrowband weighting function has a value of unity below the Nyquist
frequency. Above the Nyquist frequency, over a frequency of 125 kHz, the weighting
function drops to zero. In the remaining range just below the upper channel edge
(Nyquist frequency plus 125 kHz or approximately 184 kHz), the weighting function has
a value of zero. The removed lower sideband energy is multiplied by the expected RRC
shape of the receiver. Then it is frequency inverted above the Nyquist frequency, and
divided by the receiver’s RRC shape, and finally added to the response of the standard
RRC shape. The result is the narrowband response shape shown in the figure. This
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particular choice of shaping results in 184 kHz being removed from the upper sideband.
Importantly, the demodulated I channel of this signal is identical to that of a standard
RRC 8VSB signal.

Filter Design

While this paper describes a method of producing filter shapes which will demodulate
correctly in a standard 11.5% excess bandwidth receiver, there is no requirement to use
any particular filter design method. There are many well known filter design algorithms
which may be used to produce filters which will meet the specifications set out in this
paper.

A suitable design method is to use the Parks-McClellan filter design procedure, which, in
turn, uses the Remez algorithm.

For example, the following 128 filter coefficients are the first 128 values of the impulse
response of a symmetrical 256th order filter for a Weaver modulator implementation of
the particular narrowband 8VSB spectrum described above. This filter has a passband
ripple of about 0.1 dB, and a stopband attenuation of about 65 dB:

 3.628325E-04  -6.000522E-04   -2.366306E-03   -3.073699E-03
-1.451344E-03   6.857925E-04    8.411454E-04   -4.176315E-04
-6.61839E-04    2.99519E-04     5.384736E-04   -2.617595E-04
-4.5618E-04     2.546355E-04    3.961486E-04   -2.611832E-04
-3.480937E-04   2.749343E-04    3.063179E-04   -2.924158E-04
-2.672116E-04   3.112784E-04    2.280809E-04   -3.308854E-04
-1.876924E-04   3.506789E-04    1.449127E-04   -3.702461E-04
-9.902383E-05   3.891541E-04    4.980066E-05   -4.068929E-04
 3.051773E-06   4.234508E-04   -5.91877E-05    -4.384037E-04
 1.182099E-04   4.513138E-04   -1.794866E-04   -4.616347E-04
 2.42067E-04    4.681326E-04   -3.056173E-04   -4.703579E-04
 3.685901E-04   4.667144E-04   -4.301627E-04   -4.553552E-04
 4.911573E-04   4.372383E-04   -5.488818E-04   -4.101423E-04
 6.02634E-04    3.727492E-04   -6.516444E-04   -3.242859E-04
 6.941199E-04   2.621333E-04   -7.319134E-04   -1.899532E-04
 7.586739E-04   1.03193E-04    -7.745926E-04   -1.535478E-06
 7.778655E-04  -1.149862E-04   -7.645711E-04    2.485024E-04
 7.319169E-04  -4.00594E-04    -6.762365E-04    5.737777E-04
 5.93837E-04   -7.712424E-04   -4.810862E-04    9.967176E-04
 3.341716E-04  -1.25521E-03    -1.501516E-04    1.552136E-03
-7.353534E-05  -1.893648E-03    3.386813E-04    2.286433E-03
-6.461303E-04  -2.737301E-03    9.962169E-04    3.25365E-03
-1.387882E-03  -3.842199E-03    1.819697E-03    4.509306E-03
-2.290122E-03  -5.261099E-03    2.797515E-03    6.102438E-03
-3.342954E-03  -7.040816E-03    3.92574E-03     8.08091E-03
-4.547874E-03  -9.220721E-03    5.234013E-03    1.048834E-02
-5.982622E-03  -1.188374E-02    6.829642E-03    1.343403E-02
-7.816085E-03  -1.517673E-02    9.007661E-03    1.717647E-02
-1.050352E-02  -1.954075E-02    1.246001E-02    2.245214E-02
-1.514291E-02  -2.624444E-02    1.903638E-02    3.157824E-02
-2.512952E-02  -3.993826E-02    3.583379E-02    5.546171E-02
-5.903999E-02  -9.553206E-02    .1446489        .4556426

The 129th through the 256th coefficients are the same as the first 128 coefficients above,
except that they are reversed in time order.
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Choice of Method

These methods may be applied to just the lower band edge, or just the upper band edge,
or to both band edges simultaneously, depending on the purpose for reducing the
bandwidth of the 8VSB signal.

For example, if the problem is protecting two way radio allocations just below channel
14, it may only be necessary to reduce the bandwidth at the lower band edge.  Or, if an
educational FM station at 88.1 MHz would suffer interference from a new DTV
allocation at channel 6, then only the upper band edge of the 8VSB signal would need to
be reduced.

Narrowband 8VSB
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This figure shows the bandwidth saving of the narrowband 8VSB system for the G(f)
function given above, with bandwidth reduction being applied to both edges of the
channel. With this particular G(f) function, there is enough energy being removed from
the channel edges to make the in-band response rise by approximately 1 dB.

For the maximum amount of bandwidth reduction on just one channel edge, both sides of
the spectrum could be reduced, and then the resulting spectrum could be frequency
shifted to one side or the other by the amount of the bandwidth truncation on one side. In
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these examples, with 184 kHz removed from each side, and with the resulting spectrum
shifted by 184 kHz, a total guard band of 368 kHz could be created on one side of the
spectrum.

Weaver Modulator Implementation

A Weaver modulator uses a pair of lowpass filters to do spectral shaping. In the most
basic form of a Weaver modulator, the spectrum must be symmetrical because the
lowpass filter pair determines the shape of the two band edges simultaneously. In other
words, the cutoff frequency of the Weaver lowpass filters maps to both the upper and
lower edges of the output spectrum.

So, implementation of narrowband 8VSB is straightforward in a Weaver modulator when
the bandwidth is reduced on both sides (i.e. symmetrically). However, if the bandwidth of
the 8VSB signal is to be reduced on only one side, then a Weaver implementation
becomes more complex.

One method would be to first create a standard Weaver modulator, designed to produce a
symmetrical spectral shape corresponding to the spectral edge that is wider. Then,
frequency offset the Weaver baseband signals, and filter again with a second set of
Weaver lowpass filters that will form the spectral shape of the narrower spectral edge.

Producing an Asymmetrical Spectrum with Weaver Modulation

If a narrowband spectrum is required only at the high edge of the channel, another
method is available. This method would require sampling at a rate higher than the symbol
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rate. First, filter the symbols with a lowpass characteristic which, when multiplied by the
standard root raised cosine bandpass response, will result in the desired upper sideband
spectral shape. Then, apply the resulting filtered symbols to a standard Weaver
modulator.

Producing a Narrowband 8VSB Signal with Spectral Limiting at the Upper Band
Edge Only

The narrower upper sideband is shaped by the lowpass filter, and the standard RRC lower
sideband is shaped by the Weaver filters. In this example, the Weaver modulator
sampling rate is twice the symbol clock frequency.

Bandpass Filter Implementation

Basic Bandpass Filter VSB Modulator

The bandpass filter method for generating 8VSB signals is simple. The modulation input,
consisting of the symbols plus pilot, is multiplied by an IF carrier frequency. The
resulting double sideband signal is bandpass filtered to produce a vestigial sideband
signal. The VSB bandpass filter is designed to produce the desired root raised cosine
shape. Any spectral shape may be obtained, simply by producing a bandpass filter that
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produces the desired spectrum.

The bandpass filter implementation of an 8VSB modulator is conceptually the simplest.
But it also generally requires a higher rate of calculation than the Hilbert transform
modulator and the Weaver modulator. More filter taps are generally required, and at a
higher sampling rate than the Weaver and Hilbert systems, which operate at baseband
frequencies.

The conceptual simplicity of the bandpass filter implementation makes adaptation to
narrowband 8VSB generation easy. All that is required is a bandpass filter that produces
the desired special narrowband spectral shape, which is described above.

Hilbert Transform Modulator Implementation

Another method for generating 8VSB signals is the Hilbert transform modulator. The
Hilbert transform modulator, as used in 8VSB modulators, is shown below.

Hilbert Transform Modulator for Producing 8VSB Signals

The Hilbert transform modulator accepts the modulating signal, which is symbols plus
pilot. In the implementation shown here, the modulation input is first interpolated by two
to a sampling frequency of 21.52447552… MHz. This is necessary because the highest
frequency to be produced will be 5.690559441… MHz (6 MHz channel width minus the
pilot frequency), slightly higher than the Nyquist frequency for symbol rate processing
(10.76223776… MHz).

In the Hilbert transform modulator, the frequency response of the I channel at any
modulation frequency must be proportional to the sum of the voltages to be produced in
the upper and lower sidebands at that frequency. Similarly, the frequency response of the
Q channel at any frequency must be proportional to the upper sideband voltage minus the
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lower sideband voltage at that modulation frequency.

Moreover, the input interpolator must necessarily produce a certain amount of aliasing
since the input spectrum extends from DC to the Nyquist rate with no guard band. This
aliasing is actually desirable and must appear as a partial inverted replicated spectrum in
the spectral tail at the upper sideband edge. The response of the input interpolator and the
I and Q channel filters together will determine the spectral shape of the spectral tail at the
upper channel edge.

The I channel filter is linear phase. The I channel filter includes a 3 dB “bump” in its
frequency response that represents the difference between raised cosine (where the pilot
would be down 6 dB) and root raised cosine (where the pilot is only down 3 dB). The
overall interpolator/I channel response at the high frequency end has the root raised
cosine shape.

The Q channel filter has a phase shift of 90 degrees at all frequencies within its bandpass.
The rolloff of the Q channel filter at low frequencies determines the sideband asymmetry
(i.e. level of vestigial sideband) near the pilot carrier.

The following figure shows the frequency response of the I and Q channels in a Hilbert
transform modulator for conventional root raised cosine 8VSB signals.

I & Q Response for RRC Hilbert Modulator
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Notice that in the low frequency area, corresponding to the vestigial sideband portion of
the spectrum, that the I and Q channel responses are unequal. As the Q channel amplitude
approaches zero, the resulting spectrum at those frequencies approaches double sideband.
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Where the I and Q channel responses are equal, the resulting spectrum is single sideband.

To modify a Hilbert transform modulator to produce a narrowband 8VSB signal, it is
necessary to modify both the I and Q channel frequency responses. Given a particular
spectral shape, the I channel response is the sum of the upper and lower sideband shapes,
and the Q channel response is the difference between the upper and lower sideband
shapes.

At low frequencies, near the pilot, the I channel response will actually be the same for
both conventional RRC 8VSB and for narrowband 8VSB. The I channel response will be
different from the RRC case only if the upper spectrum edge is made narrowband.
The following figure shows the I and Q channel responses for a narrowband 8VSB
Hilbert transform modulator.

I & Q Response for Narr owband Hilbert Modulator 
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The I channel response at low frequencies is exactly the same as it is in the standard RRC
case. The Q channel response extends lower, corresponding to a smaller sideband vestige.
The I channel, together with the Q channel, form a bump at the high frequency end,
followed by a steeper rolloff just above half the symbol rate (symbol clock Nyquist rate).
The high frequency deviation in frequency response removes aliased energy from just
above the symbol clock Nyquist rate, and replaces it with equivalent non-aliased energy.
The result is that the demodulated I channel, when resampled at the symbol rate, is
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exactly the same as it would have been with standard RRC modulation.

Receiver Compatibility Issues

When a narrowband 8VSB signal is received, the demodulated I channel signal, after it is
resampled to the symbol rate, will be exactly the same as it would be with a conventional
8VSB signal. However, several factors may still affect receiver compatibility.

Use of the Q channel by the receiver equalizer. If the receiver’s equalizer uses the Q
channel in addition to the I channel, then there could be problems because the Q channel
is modified. For example, the receiver could try to force the spectral shape to 11.5% RRC
before demodulation. This would boost the receiver’s response, and thereby noise, near
the channel edges.

Operation of the receiver equalizer in a bandwidth larger than half the symbol rate. If the
receiver equalizer operates on the demodulated I channel, but in a bandwidth higher than
half the symbol rate, then it could sense the reduced energy just above the Nyquist rate
and try to boost it (and any noise) up to the level it would be with a standard signal.

PLL Issues. Reduction of the spectrum in the vicinity of the pilot will have the effect of
increasing the amount of low frequency energy in the Q channel of the receiver. The
recovered carrier may have an increased amount of undesired phase modulation or jitter
depending on the design of the receiver’s PLL and in particular, its bandwidth.

Receiver manufacturers are not anxious to discuss their proprietary circuitry. So, we did
not have much cooperation from receiver manufacturers in trying to determine what
effect, if any, the narrowband 8VSB signal would have on the receivers. So the next best
thing was to make measurements on a sampling of receivers from different
manufacturers. Receivers were tested for input signal level requirements first with a
standard 8VSB signal, and then with the narrowband 8VSB signal.

Six different models of receivers have been tested to see if they correctly demodulate the
narrowband 8VSB signal, and success was achieved with all. The receivers were
marketed by Panasonic, Sony, Thomson Consumer Electronics, Philips, Zenith, and
Harris. Threshold measurements were made on two of the receivers (Thomson and
Harris). Both of these receivers showed only a 1 dB penalty for the narrowband signal.

Transmitter compatibility

The transmitted bandwidth of the narrowband 8VSB signal is narrower by design. A
signal that is narrower than standard will not create any problems with a transmitter.
However, retuning of the channel filter will be required to take maximum advantage of
the narrowband signal.

Another issue is peak to average ratio. Peak to average ratio is only slightly higher with
the narrowband 8VSB signal as implemented. With a 368 kHz reduction in bandwidth,
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the peak to average ratio is only 0.5 dB higher than with a standard signal.

Practical Results

This figure is taken from the spectrum display of a Tektronix RFA300. This is the output
of a solid state transmitter operating in narrowband mode, with a channel filter designed
especially for the narrowband spectrum. It is evident from this display that the transmitter
exceeds the FCC’s channel mask by a wide margin.
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Future Development

Proposed areas for future development include:

1. Doing more research to optimize the exact shape of the bandwidth reduction to
minimize low frequency Q channel energy, thereby improving receiver PLL
performance.

2. Optimization of the spectral tail shaping for different applications.

Standards Issues

Standardization of the narrowband variant of the 8VSB signal by the ATSC, and use of
presently reserved data field sync VSB mode bits, would allow receiver manufacturers to
know when their equipment is receiving a narrowband signal, and to accommodate the
slightly different spectral characteristics. Receiver manufacturers may wish to optimize
performance when receiving the narrowband 8VSB signal with slightly modified IF
bandpass filter characteristics,  PLL constants, and adaptive equalizer designs. Use of the
ATSC mode bits will allow the receivers to easily recognize the narrowband 8VSB
signal.

For existing receivers, the evidence suggests that they already are capable of receiving
the narrowband 8VSB signal without any modifications.

We are ready and willing to work with receiver manufacturers and others to apply this
technology and solve interference problems.

Conclusion

Narrowband 8VSB can be used to get stations on the air which would have otherwise
insurmountable problems. In some instances, some form of narrowband transmission may
be the only way to solve an interference problem. In these cases, narrowband 8VSB will
allow stations in these situations to get on the air and to make best use of the available
spectrum.


